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ABSTRACT 



The present invention is directed to an insert for use in a disc 
drive to dampen acoustic vibration and shield electronic 
elements from stray magnetic flux generated by a magnet 
assembly of a voice coil motor. The insert includes an 
acoustic insulator portion and a magnetic shield. Th& acous- 
tic insulator portion is compressed between a base and a 
circuit board of the disc drive to suppress vibration of the 
circuit board. The magnetic shield is attached to the acoustic 
insulator portion below the magnet assembly and is shaped 
to shield a portion of the circuit board from stray magnetic 
flux generated by the magnet assembly. 

14 Claims, 3 Drawing Sheets 
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INSERl FOR DAMPENING ACOUSTIC 
VIBRATION AND SHIELDING MAGNETIC 
FLUX FOR USE IN A DISC DRIVE 

CROSS-REFERENCE TO RELATED 
APPLICAnON 

This application claims the benefit of U.S. Provisional 
Patent Apphcation No. 60/145,509, entitled "HARD DISC 
DRIVE STRAY MAGNETIC FLUX SHIELD/' filed on Jul. 
23, 1999. 

HELD OF THE INVENTION 

The present invention relates to a method and apparatus 
for damping acoustic vibration and shielding electronic 
components of a disc drive from stray magnetic flux. 

BACKGROUND OF ITIE INVEKHON 

Disc drives of the "Winchester" type are well known in 
the industry. Such drives use rigid discs coated with a 
magnetizable medium for storage of digital information in a 
plurahty of circular, concentric data tracks. The discs are 
rotatably mounted to a base of the disc drive and are rotated 
via a spindle motor, which causes the discs to spin and the 
surfaces of the discs to pass under a respective head. Each 
head includes a hydrodynamic (e.g. air) bearing slider in a 
transducer for writing information to and reading informa- 
tion from the disc surface. An actuator mechanism moves 
the heads from track to track across the surfaces of the discs 
under control of electronic circuitry. The actuator mecha- 
nism includes a track accessing arm and a head suspension 
assembly for each head. Movement of the actuator mecha- 
nism is controlled by a voice coil motor (VCM). A printed 
circuit board (PCB) is mounted to the bottom of the base and 
contains electronic elements, which control the operation of 
the spindle motor, the operation of the actuator mechanism 
and the transfer of data to and from the discs. 

In the actuator mechanism, the heads are cantilevered 
outward over the disc surfaces from a common pivot 
structure, while the coil of the VCM extends horizontally 
outward from the other side of the pivot structure. A magnet 
assembly and a pole piece structure is fixedly mounted to the 
base of the disc drive above the PCB in such an arrangement 
that the flat coil is supported in the middle of the magnetic 
field formed by the magnet assembly. Sophisticated control 
logic applies a carefully calculated amount and polarity of 
DC power to the ends of the coil to controllably move the 
coil within the magnetic field, thus moving the heads, which 
are fixed in relationship to the coil, across the disc surfaces. 

Due to a high demand for disc drives having fast data 
access rates, increasingly stronger magnet assemblies have 
been used so that the head can be actuated faster. One 
problem with these magnet assemblies is that the magnetic 
flux that is produced cannot be completely contained within 
the region of the coil. As a result, stray magnetic flux 
impinges upon a portion of the PCB and attracts magnetic 
particles to the electronic elements located there. These 
particles can become trapped between the leads of the 
electrical elements resulting in electrical shorting and failure 
of the disc drive. 

One method used to protect the electronic elements of the 
PCB from the effects of the stray magnetic flux is to cover 
or encapsulate the electronic elements that could be affected 
by stray magnetic flux from the magnet assembly. Here, the 
cover is held onto the electronic elements using a pressiu-e 
sensitive adhesive. In addition to being costly to implement. 
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one of the problems with this solution is that the operating 
temperature of the electronic elements increases 
significantly, which could lead to premature failure of the 
disc drive. Furthermore, reworking the electronic elements 
5 becomes more difiBcult. As a result, this solution is less than 
ideal. 

Another problem found in disc drives is the generation of 
acoustic noise. Rapid movement of the various components 
of the disc drive including the rotating spindle motor, the 
10 actuator, and the discs themselves, tends to generate a wide 
variety of undesirable acoustic vibrations within the disc 
drive. These vibrations tend to be amplified by the generally 
highly flexible PCB of the disc drive. 

It is therefore desirable to create a disc drive that reduces 
the effects of stray magnetic flux from the voice coil motor 
on electronic components on the PCB while dampening the 
vibration of the PCB. 

SUMMARY OF THE INVENTION 

The apparatus of the present invention is directed to an 
insert for use in a disc drive that dampens acoustic vibration 
and shields electronic elements from stray magnetic flux 
generated by a magnet assembly of a voice coil motor The 
insert includes an acoustic insulator portion and a magnetic 
shield. The acoustic insulator portion is compressed between 
a base and a circuit board of the disc drive to suppress 
vibration of the circuit board. The magnetic shield is 
attached to the acoustic insulator portion below the magnet 
assembly and is shaped to shield a portion of the circuit 
board from stray magnetic flux generated by the magnet 
assembly. 

These and various other featuires as well as advantages, 
which characterize the present invention, will be apparent 
upon reading of the following detailed description and 
review of the associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an exploded perspective view of an example 
of a disc drive to which the present invention can be applied. 

FIG. 2 is an exploded perspective view of a base and 
circuit board of a disc drive with an insert sandwiched 
therebetween, in accordance with embodiments of the 
present invention. 
45 FIG. 3 is a bottom plan view of a base of a disc drive 
having an insert positioned thereon in accordance with 
embodiments of the present invention. 

FIG. 4 is a top plan view of a circuit board having an 
insert positioned thereon in accordance with embodiments 
50 of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRAHVE 
EMBODIMENTS 

FIG. 1 shows an exploded perspective view of a disc drive 
55 110, which can benefit from the present invention. Disc 
drive 110 includes a housing with base 112 and top cover 
113. Disc drive 110 further includes disc pack 114, which is 
mounted on a spindle motor (not shown) by disc clamp 116. 
A gasket 121 can be used to form a seal between base 112 
60 and cover 113 to protect disc pack 114. Disc pack 114 
includes a plurality of individual discs, which are mounted 
for co-rotation about central axis 118. Each disc surface has 
an associated head 120 which is positioned for communi- 
cation with the disc surface. In the examples shown, trans- 
65 ducing heads 120 are supported by head suspension assem- 
blies 122 which are in turn attached to track accessing arms 
124 of actuator mechanism 126. 
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Actuator mechanism 126 is of the type generally known 
as a "rotary moving coil actuator" and includes a voice coil 
motor (VCM), shown generally at 128. VCM 128 rotates 
actuator mechanism 126 with its attached heads 120 about 
pivot shaft 130 to position heads 120 over a desired tract 5 
along an arcuate path between disc inner diameter 134 and 
outer diameter 136. Printed circuit board (PCB) 138 mounts 
to bottom 139 of base 112 and contains electronic compo- 
nents which control the operation of the spindle motor, the 
operation of actuator mechanism 128, and the transfer of 
data to and from discs 114. 

Heads 120 are cantilevered outward over the surfaces of 
disc 114 from shaft 130, while coil 140 of VCM 128 extends 
horizontally outward from the other side of shaft 130. VCM 
128 includes a magnet assembly, generally depicted as 141, 
having two bipolar magnets 142 and 143, shown in FIG. 1. 
Magnets 142 and 143 can be, for example, neodymium- 
iron-boron bipolar magnets. Magnet assembly 141 of VCM 
128 produces a stationary magnetic flux field which is 
oriented transversely to the plane of coil 140. Movement of 
actuator mechanism 126 can be controlled by control logic 20 
144 which applies a carefully calculated amplitude and 
polarity of DC power to coil 140 which causes a DC current 
to flow through coil 140 thus producing a magnetic field 
around coil 140. The magnetic field around coil 140 interacts 
with the stationary magnetic flux field and produces a force 25 
that causes coil 140 and actuator mechanism 126 to rotate 
about shaft 130. The direction of the force and the rotation 
of actuator mechanism 126 is dependent upon the direction 
the current flows through coil 140 and the direction of the 
stationary magnetic flux field. The magnitude of the force 3Q 
and the speed at which actuator mechanism 126 is rotated is 
dependent upon the magnitude of the current flowing 
through coil 140 and the magnitude of the stationary mag- 
netic flux field produced by magnet assembly 126. 

Disc drive manufactures use increasingly powerful per- 35 
manent magnets to form magnet assembly 141 to provide 
quicker movement of actuator mechanisms 126 to meet 
demands for fast data access rates. These powerful perma- 
nent magnets form strong stationary magnetic flux fields 
which cannot be completely contained within the region 40 
VCM 128. As a result, the stray magnetic flux impinges 
upon a portion of PCB 138, shown generally at 146, which 
causes magnetic particles to be attracted to portion 146 of 
PCB 138 and to the electronic components located there. 
The attracted magnetic particles can become trapped 45 
between the leads of the electronic components which can 
cause electrical shorting and failure of the disc drive. As will 
be discussed in greater detail below, one aspect of the 
present invention is to protect portion 146 of PCB 138 from 
the stray magnetic flux generated by magnet assembly 141. 50 

During operation of disc drive 110, the rapid movement of 
various components such as disc pack 114 and actuator 
mechanism 126, causes components of disc drive 110 to 
vibrate. At certain frequencies, these vibrations can generate 
undesirable acoustic noise. One particularly problematic 55 
source of acoustic noise is PCB 138 which receives the 
vibrations through base 112. Due to the flexibility of PCB 
138, the vibrations and the resulting acoustic noise tends to 
be amphfied. Another aspect of the present invention is to 
dampen the vibration of PCB 138 to reduce acoustic noise. 60 

FIG. 2 shows an exploded perspective view of an insert 
150, in accordance with various embodiments of the present 
invention, sandwiched between base 112 and PCB 138. 
Insert 150 generally includes acoustic insulator portion 152 
to suppress the vibration of PCB 138 and magnetic shield 65 
154 to shield portion 146 of PCB 138 from stray magnetic 
flux generated by magnet assembly 141. 
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Acoustic insulator portion 152 is a thin planer member 
made of a compressible material having vibration-absorbing 
quahties. The thickness of acoustic insulator portion 152 is 
sized in accordance with the space available between base 
112 and PCB 138, but is generaUy around 25 mils thick. This 
material can be, for example, open celled polyester urethane 
foam, polypropylene foam, polyester foam and other suit- 
able vibration absorbing materials. In a preferred 
embodiment, acoustic insulator portion 152 is formed of 
AM 600 polypropylene material produced by 3M Corpora- 
lion. Acoustic insulator portion 152 can also include a 
non-flammable thin fihn layer 153 on bottom side 155 of 
insert 150 to prevent electrostatic build up. Thin film layer 
153 can be formed of a suitable thermoplastic polyurethane 
film, such as VC514 produced by 3M Corporation, or other 
suitable material. Thin film layer 153 preferably has a 
thickness of approximately 4 mils. 

Magnetic shield 154 is a thin planer member which is 
shaped to shield portion 146 of PCB 138 from stray mag- 
netic flux generated by magnet assembly 141 of VCM 128. 
Magnetic shield 154 is preferably fastened to top side 168 of 
acoustic insulator portion 152 with a suitable adhesive to 
face bottom side 169 of base 112. This arrangement maxi- 
mizes the surface area of acoustic insulator portion 152 that 
contacts PCB 138. Magnetic shield 154 is made of a 
non-magnetic material such as iron, or stainless or carbon 
steels. Suitable stainless and carbon steels include 430, 
1010, and 1008 steels. Magnetic shield 154 can also include 
a corrosion-resistant coating to prevent magnetic shield 154 
from oxidizing. Experiments have indicated that magnetic 
shield 154 provides efiEective shielding of portion 146 of 
PCB 138 with a thickness from 2-10 mils. For example, that 
a magnetic shield 154 made of cold role steel having a 
thickness of 5 mils can reduce the magnetic flux impinging 
on portion 146 of PCB 138 by approximately 67%. The 
adhesive generally increases the thickness of insert 150 at 
magnetic shield 154 by approximately an additional 2 mils. 
The thickness of magnetic shield 154 that is chosen should 
not cause PCB 138 to bow significantly. 

FIGS. 3 and 4 show the position of insert 150 relative to 
base 112 and PCB 138, respectively, when disc drive 110 is 
assembled. Dashed lines are used to depict base 112 and 
PCB 138 to better distinguish insert 150. Perimeter 156 of 
acoustic insulator portion 152 is cut to conform to various 
features of base 112 such as screw holes 158 of base 112 and 
corresponding apertiires 159 of PCB 138, that are used to 
attach PCB 138 to bottom 169 of base 112. Cut outs 160 and 
162 can be made to accommodate connecting pins 164 and 
spindle motor 166 of base 112. Connecting pins 164 are 
received by socket 165 (FIGS. 2 and 4) of PCB 138 when 
disc drive 110 is assembled to electrically couple the elec- 
tronics of PCB 138 to the various components of disc drive 
110. The shape of perimeter 156 along with cut outs 160 and 
162 ensure that insert 150 will be properly installed on 
bottom 169 of base 112. 

When insert 150 is properly positioned on bottom 169 of 
base 112, magnetic shield 154 lies below magnet assembly 
141 (HG. 2 and FIG. 3) and above portion 146 of PCB 138 
(FIG. 4). In one embodiment, magnetic shield 154 is shaped 
to cover the horizontal cross-sectional area or footprint of 
magnet assembly 141 to provide maximum protection to 
portion 146 of PCB 128. In another embodiment, magnetic 
shield 154 is shaped in accordance with the area of portion 
146 of PCB 138 that is to be shielded. In particular, magnetic 
shield 154 is shaped to protect at least one electronic 
component 170 (FIGS. 2 and 4) which is to be shielded from 
the stray magnetic flux generated by magnet assembly 141. 



08/19/2002, EAST Version: 1.03.0002 



us 6,411,463 Bl 



10 



As a result, magnetic shield 154 can be sized to meet the 
particular needs of a particular disc drive 110. 

In summary, the present invention is directed to an insert 
for use in a disc drive storage system. The disc drive storage 
system generally includes a disc rotatably mounted to a base 
which has a bottom, an actuator mechanism mounted to the 
base and including a magnet assembly for positioning a 
transducing head over the disc, and a circuit board having 
electronic components mounted to the bottom of the base for 
controlling the operations of the disc drive. The insert 
generally includes an acoustic insulator portion and a mag- 
netic shield. The insulator portion is compressible between, 
and adapted to suppress vibration of, the base and the circuit 
board. The magnetic shield is fastened to the planar portion 
below the magnet assembly and shaped to shield a portion 
of the circuit board from stray magnetic flux generated by 
the magnet assembly. 

It is to be understood that even though numerous char- 
acteristics and advantages of various embodiments of the 
present invention have been set forth in the foregoing 
description, together with details of the structure and func- 
tion of various embodiments of the invention, this disclosure 
is illustrative only, and changes may be made in details, 
especially in matters of structure and arrangement of parts 
within the principles of the present invention to the full 
extent indicated by the broad general meaning of the terms 
in which the appended claims are expressed. For example, 
magnetic shield 154 could be placed on bottom side 155 of 
insert 150 rather than top side 168 or within acoustic 
insulator portion 152. Other modifications can also be made. 

What is claimed is: 

1. An insert for use in a disc drive storage system 
including a disc rotatably mounted to a base having a 
bottom, an actuator mechanism mounted to the base and 
having a magnet assembly for positioning a transducing 
head over the disc, and a circuit board having electronic 
components mounted to the bottom of the base for control- 
ling operations of the disc drive, the insert comprising: 

an acoustic insulator portion compressible between, and 
adapted to suppress vibration of, the base and the 
circuit board; and 

a magnetic shield fastened to the insulator portion below 
the magnet assembly and shaped to shield a portion of 
the circuit board having an area that is substantially less 45 
than an area of the base from stray magnetic flux 
generated by the magnet assembly. 

2. The insert of claim 1, wherein the acoustic insulator 
portion comprises a material selected from a group consist- 
ing of open celled polyurethane foam, polypropylene foam, 50 
and polyester foam. 

3. The insert of claim 1, wherein the acoustic insulator 
portion has a thickness of approximately 25 mils. 

4. The insert of claim 1, wherein the acoustic insulator 
portion includes an opening to accommodate a spindle 55 
motor. 

5. The insert of claim 1, wherein the acoustic insulator 
portion includes a film layer having anti-static properties. 

6. The insert of claim 5, wherein the film layer is made of 
polyiu-ethane. 

7. The insert of claim 1, wherein the magnetic shield is 
made of a material selected from the group consisting of 
430, 1010, and 1008 steels. 
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8. Tlie insert of claim 7, wherein the thickness of the 
magnetic shield is in the range of 2-10 mils. 

9. Th& insert of claim 1, wherein the magnet assembly has 
a horizontal cross-sectional area and the magnetic shield is 
shaped to at least cover the horizontal cross-section of the 
magnet assembly. 

10. ITie insert of claim 1, wherein: 

the circuit board includes an electronic component; and 
the magnetic shield is shaped to shield the electronic 
component from the stray magnetic flux. 

11. The insert of claim 1, wherein the magnetic shield is 
fastened to the acoustic insulator portion with an adhesive. 

12. A disc drive storage system, comprising: 
a base portion having a bottom; 

a disc having a disc surface rotatably mounted to the base; 

an actuator mechanism coupled to the base portion and 
adapted to position a transducing head over the disc 
surface, the actuator mechanism including a magnet 
assembly that produces stray magnetic flux; 

a circuit board mounted to the bottom of the base portion 
and having an electronic component positioned below 
the magnet assembly; and 

an insert sandwiched between the base portion and the 
circuit board including an acoiistic insulator portion 
compressible between, and adapted to suppress vibra- 
tion of, the base portion and the circuit board, and a 
magnetic shield having an area that is substantially less 
than an area of the base fastened to the acoustic 
insulator portion below the magnet assembly and 
shaped to shield the electronic component from the 
stray magnetic flux. 

13. A method of manufacturing a disc drive comprising 
steps of: 

(a) providing a base portion having a bottom; 

(b) rotatably mounting disc to the base portion, the disc 
having a disc surface; 

(c) mounting an actuator mechanism to the base portion 
that is adapted to position a transducing head over the 
disc surface, the actuator mechanism including a mag- 
net assembly that produces stray magnetic flux; 

(d) providing a circuit board having an electronic com- 
ponent for controlling operations of the disc drive; and 

(e) sandwiching an insert between the base portion and 
the circuit board, the insert including an acoustic insu- 
lator portion adapted to suppress vibration of the base 
portion and the circuit board, and a magnetic shield 
having an area that is substantially less than an area of 
the bottom of the base portion fastened to the acoustic 
insulator portion below the magnet assembly and 
shaped to shield the electronic component from the 
stray magnetic flux. 

14. A disc drive storage system comprising: 

a circuit board including an electronic component; and 
vibration and acoustic dampening means for dampening 
vibration of the circuit board and shielding only a 
portion of the circuit board corresponding to the elec- 
tronic component from stray magnetic flux. 
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